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Dear Mr. Wilms,

In your letter of March 21, 1986, to Jonathan Howes, Chairman of the
Affairs and Policy Committee, N, C. Academy of Sciences, you requested the
Academy "to conduct an evaluation of toxic air pollutants and acceptable
ambient levels slated for regulation by the state”. As Chairman of the
Academy’s Air Toxic Panel, I am pleased to submit to you the Panel’s Report
and Recommendations and the recommended acceptable ambient levels for
the chemicals submitted to the Academy for review.

The Panel has applied the guidelines contained in its Report and
Recommendations to each of the chemicals on the list submitted for review.
We have developed recommendations for each chemical, with the exception of
nine non-carcinogenic compounds. Recommendations for these nine
chemicals, identified on the list with an asterisk, are being deferred for
further evaluation and review by an ad hoc or standing advisory committec
to be subscquently appointed; the evidence {or toxicity of these nine
chemicals require more intensive evaluation than the Air Toxics Panel could
provide within the limitations of our resources. In addition, for the 57
carcinogenic chemicals on the list, the Panel could only go so far as to
identify whether the chemical fell into EFA’s carcinogen classification
scheme as a Group A carcinogen (human carcinogen) or a Group B carcinogen
(probable human carcinogen). The Pancl’s recommended guidelines were then
applicd to these carcinogens to compute the air concentration at which an
additional cancer risk of 1 in I million exposed persons would be incurred by -
ambicnt exposure to Group A carcinogens or a risk of 1 in 100,000 exposed
persons for cxposurc to Group B Carcinogens. However the Air Toxic Panel
did not have the time or resources to review the unit risk estimates upon
which thesc guidclines are based. We therefore recommend that the ad hoc or
standing advisory committce review these estimates prior to their use for
regulatory purposcs.




I would like to emphasize our Panel’s recommendation on pages 26 and
27 of our report that a standing advisory committee on toxic air poliutants be
appointed to deal with deferred, unresolved and recurrent issues related to
the development or revision of AAL’s for toxic air pollutants.

The Members of the Air Toxics Panel are pleased to have been of
service to the State, and we trust that the product of our work will provide a
sound scientific basis for your toxic air pollutant regulatory program,

Sincerely,

Gl s,

Carl. M. Shy, M.D.
Chairman, Air Toxies Panel

CMS/vim

Enclosures: Report and Recommended AAL’s

cc:  Jonathan Howes, N. C. Academy of Sciences
Dean, School of Public Health

Robert Harris, Chairman, Air Quality Committee
Environmental Management Commission
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EXECUTIVE SUMMARY

At the request of the North Carolina Division of

Environmental Management, an Air Toxics Panel was formed within

the North Carolina Academy of Sciences to review the list of

substances proposed for regulation as toxic air pollutants and to

recommend a suitable approach for determining acceptable ambient

levels for these polluténts. After reviewing the experience of

nineteen states which had air toxics control programs in place,

the Panel makes the following recommendations:

1.

Develop air guidelines for those chemicals to which there
is potential for exposures that may lead to adverse effects
as a result of industrial emissions in North Carolina and
which either (a) have been assigned’a threshold limit value
(TLV) by the American‘Conference of Governmental Industrial -
Hygienists or (b) are listed by the U.S. Environmental
Protection Agency as carcinégens in the category of Group A
(human carcinogens) or Group B (probable human carcinogens)
or (c) are considered by the North Carolina Division of
Health Services to be of public health concern. Criteria
pollutants and biologically inertrdusts are excluded from
consideration; the latter can be considered as suspended
particulate matter, already regulated as a criteria
pollutant.

Potentially toxic chemicals chosen for the list of toxic

air pollutants should be categorized by type of toxicity



based on adverse effects at near ambient levels. A
category-specific approach is then propdsed forideriving
an acceptable ambient level. Four categories of toxicity
are recommended: acute irritants, acute systemic toxicants,
chronic toxicants, and carcinogens.
The Panel recommends a factored TLV approach to dévelop
acceptable ambient levels for acute irritants, acute
systemic toxicants and chronic toxicants. If no TLV
exists for chemicals determined to pose a public health
threat in North Carolina or if adverse health effects
have not been accounted for in the derivation of the TLV,
the Panel recommends using the no observed effectvlevel
(NOEL) reported in the toxicological literature. Under
this system, the TLV or NOEL will be the starting point
for applying a series of safety factors, depending on the
category of toxicity into which the chemical falls. These
adjustment and safety factors address the following
concerns:
(a) Adjustment for continuous exposure: use a 4-fold
factor. |
(b) Variability in human susceptibility: use a
10-fold factor for all non-carcinogens.
(c) Uncertainties inherent in studies of chronic
effects: use a 2-fold factor for éll chronic

toxicants.



(d) Severity of effect: use a 2-fold factor for
irreversible or life threatening effects.

For each chemical, the appropriate factors should be
multiplied by each other to derive a composite factor.
The composite factor should be applied to the TLV or NOEL
to derive the acceptable ambient level for that cﬂémical.
Appendix E provides a decision tree to derive these
acceptable ambient levels for any chemical classified as an
acute irritant, acute systemic or chronic toxicant.
For carcinogens, the Panel recommends a combined technology-
based and risk assessment approach. Using the potency

estimates developed by the Carcinogen Assessment Group of

the Environmental Protection Agency, the State should

calculate the incremental air concentration (i.e., the
concentration attributable to an emission source, regardless
of background levels) that would be associated with an
additional cancer risk of 1 in 1,000,000 exposed persons for
Group A carcinogens and a risk of 1 in 100,000 exposed
persons for Group B carcinogens. These concentrations
constitute an action level. Any emission source releasing

a carcinogen resulting in incremental ambient air
concentrations exceeding the action level should be‘

required to apply added control technology, but cost and
feasibility issues should be considered for existing emission
sources. A proposed Standing Advisogy Committee on Téxic Air

Pollutants may consider modifying the action level in cases



in which well designed human studies or data regaréing
mechanisms of action, pharmacokinetics or species differences
appear not to have been taken into account by the Carcinogen
Assessment Group in the estimate of carcinogenic potency.

If the impact on ambient air is estimated still to exceéd the
action level afﬁer application of added control téchnology,
the emission source should be given the option of applying

to the State for a variance.

The Panel proposes the establishment of a Standing Advisory
Committee on Toxic Air Pollutants to deal with recurrent or
unresolved issues, to review the application of these
recommended criteria to any chemical selected for inélusion
in the list of toxic air pollutants, to consider any
modifications in recommended action levels for carcinogens,
to consider whether air guidelines should be modified when
there are multiple emission sources in the same localized
area, and to assist the State in reviewing variance

requests.
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I, HISTORY AND CHARGE OF THE PANEL

As part of a three-phase study for the North Carolina
Division of Environmental Management (DEM), Radian Corporation
conducted a survey to define the nature and extent of toxic air

pollution in North Carolina. The report, North Carolina Air

Toxics Survey: Identification of Pollutant Emission Sources,

published in April 1985, concluded that "the toxic air pollution
problem in North Carolina is significant" [Radian, 1985]. The
authors estimated that there are several thousand point sources
which may be emitting pollutants at levels toxic to nearby
residents. The report included a list of 67 toxic air pollutants
of concern in North Carolina based upon probable emissions from
industries identified within the state and the findings of other
states developing air toxics programs. o

The(list of pollutants in the Radian report was subsequently
reviewed by staff of the North Carolina Division of Health
Services (DHS) and DEM to determine which chemicals should be
targeted for regulatory action. Following additions and
deletions, the final list was composed of 80 chemicals.

To develop acceptable ambient levels (AALs) for thesé
chemicals, DHS and DEM proposed a factored Threshold Limit Value
(TLV) approach. The following types of occupational guidelines
established by the American Conference of Governmental Industrial
Hygienists (ACGIH) were proposed as starting points in the

derivation of AALs:
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1) Threshold Limit Value - Time-Weighted Average (TLV-

TWA) - the time-weighted average concentration for

a normal 8-hour workday and av40—hour workweek, to

which the ACGIH has determined that nearly all

workers may be repeatédly exposed, day after day,

without adverse effect. ”
2) Threshold Limit Value - Short-Term Exposure Limit

(TLV~-STEL) - a l5-minute time-weighted average

exposure which the ACGIH has determined should not

be exceeded at any time during a work day.

[ACGIH, 1985].
- To account for differences between occupational exposure as
addressed by the ACGIH and community exposure as addressed by the
state”s air toxics program, a factor of 1/200 was applied to TLV-
TWAs (averaging time, 24 hours) and 1/10 to TLV~-STELs (averaging
time, 15 minutes) to derive the AALs for community exposure. In
the case of chemicals for which the ACGIH had not developed a
TLV, the state proposed to use as a starting point: 1) guidelines
established by the National Institute of Occupational éafety and
Health (NIOSH); 2) guidelines established by the Occupational
Safety and Health Administration (OSHA); or finally, in the
absence of federal guidelines, 3) the recommendation of DHS.

Induétry representatives responded to the proposed program
with several major objections:
1. The TLVs are being used out of context and are not

applicable to the intended purpose.
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2. The safety factor is, for the most part, judgmental

and does not have a rigorous basis.

3. Research to establish existing background concentra-

tions of the pollutants is necessary.

4. Extensive studies need to be conducted prior to

setting any AALs. ‘

In the wake of these objections, DEM decided to seek a peer
group review of the state”s air toxics proposal. DEM requested a
review by an expert panel from the North Carolina Academy of
Sciences, an independent, non-profit corporation established in
1902 to foster understanding 6f science in North Carolina and to
promote scientific research and education in the state”s academic
institutions. (Letter requesting NCAS assistance attached,
Appendix A).

The Air Toxics Panel of the N.C. Academy of Sciences was
convened in April 1986. 1Its membership includes experts in
pulmonary and occupational medicine, epidemiology, toxicology,
and policy analysis. Specifically, the panel”s charge was:

1) to review the list of air pollutants proposed for

regulation and recommend additions or deletions,
and

2) to recommend a suitable approach for determining AALs.
The panel met bi-weekly from April through July, and theb
recommendations flowing from the panel”s deliberations are

presented in this report.
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II. OTHER STATE PROGRAMS

A search of the database of the National Air Toxics
Information Clearinghouse (NATICH) indicates that as of June
1986, nineteen states had air toxics control programs in place
and 22 had programs under develophent [NATICH, 1986]. A summary
of structurél and policy aspects of the state prograﬁs is
presented in Appendix B. The structural basis of these programs
ranges from informal guidelines to formally promulgated’
regulations. Some programs address a specified list of
pollutants while others address all chemicals meeting the state’s
definition of toxic air contaminants. Some apply only tb new
sources whereas others apply to both new and existing sources.

Regarding methodology for deriving AALs, 31 states rely
wholly or in part upon a factored TLV approach, as DEM originaliy
proposed for North Carolina. The factor applied to the TLV
varies considerably from state to state, as does the averaging
time. For the purpose of comparing safety factors used in .
conjunction with different averaging times, an "equivalent safety
factor" can be derived using a system developed by the
Commonwealth of Vi:ginia. For instance, a factor used with a 1-
hour averaging time is multiplied by 1/5 to derive the
"equivalent safety factor" based on a 24-hour averaging time,
while a factof used with an annual averéging time is multiplied
by 5 to obtain the 24-hour equivalent. The 24-hour equivalent

safety factor ranges from 1/10 (e.g., New York - low toxicity
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chemicals) to 1/73,000 (e.g., Massachusetts - certain high
toxicity chemicals). Appendix C presents the equivalent safety
factors being used in a sample of states. Twenty-four states use
risk assessment for carcinogens to derive AALs associated with a
specified "acceptable level of risk" [NATICH, 1986]. Typically,
the "acceptable level of risk" is defined as a risk og one
additional cancer in 100,000 or one in 1,000,000 exposed persons

[STAPPA/ALAPCO, 1984].
ITI. PANEL RECOMMENDATIONS

In making its recommendations, the panel has striven to
devise an approach which is rational yet simple. Given the
scientific uncertainties inherent in the assessment of health
risks from ambient air pollution, the approach outlined here
should not be considered a precise method distinguishing safe
from unsafe levels of contaminants, but rather a means to
establish fiexible guidelines which can be used to ?aise flags of
concern and set priorities for action. The panel has exercised
its best judgment in addressing the issues involved in air
guideline development, many of which are questions moré of policy
than of science; final policy decisions must, of course, be made
by the State. Furthermore, it should be pointed out that the
guidelines discussed herein are directed toward prevention of"

human health effects; ecotoxic effects are not addressed.
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The decision tree for the overall approach proposed by the
panel is presented in Appendix D and, for purposes of
illustration, sample air guidelines derived using the proposed

approach are presented in Appendix G.

A. Criteria for Selecting Chemicals for Air Guideline Develop-
ment

Recommendation: Develop air guidelines for those chemicals

which meet any of the following criteria and to which there is
potential for exposures that may lead to adverse effects as a
result of industrial emissions in North Carolina:
1) those chemicals for which the ACGIH has developed
a TLvV,
2) those chemicals listed by EPA as carcinogens in the
category of Group A ("Human Carcinogens") or Group
B ("Probable Human Carcinogens"),
or 3) any other chemicals considered by DHS to be of
public health concern.
Criteria pollutants should be excluded. Biologically inert dusts
should be considered as suspended particulate matter and
therefore already regulated as criteria pollutants. Pollutants
listed under Section 112 of the Clean Air Act (NESHAP) should not
be excluded, although in the case of those source categories that
have a NESHAP emissions regulation, the federal regulations
shouid take préceaence. It may be most expedient to consider
DEMs current list of 80 chemicals first because preliminary

groundwork fegarding toxicity and occurrence in North Carolina
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has been accomplished. Specific compounds which are members of
classes of chemicals on the list and which are determined to be
biologically inert should be deleted.

If a new chemical meeting any of the above criteria will be
introduced into North Carolina as a result of the location of new
industry or process changes in existing industry, air guidelines
for that chemical should be developed. Sources intending to emit
such chemicals can use the ACGIH and EPA lists as checklists to
anticipate guideline development. (New sources will not be able
to pfedict whether a chemical to be emiited will meet Criterion 3
above but this classification is expected to be unusual).

B. Categorization of Chemicals

Recommendation: Categorize chemicals by type of toxicity
(based on adverse effects at near ambient levels) and use a\
category-specific approach. 1If a chemical falls into more than
one category, develop an air guideline for each category and
select the guideline which affords the greatest degree of
protection.

The following categories of toxicity are suggested:

I. Acute Irritants - those chemicals associated with
irritation at the site of contact immediately or
shortly after a single exposure of eight hours or
less. (Excludes agents such as asthma-inducing
‘agents whose actioh;involves an immune response;

these are included in Category II, below).
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II. Acute Systemic Toxicants - those chemicals associated
with adverse effects at sites distant from the site
of contact, immediately or shortly after a single
exposure of eight hours or less.
III. Chronic Toxicants - those chemicals associated with
adverse effects only after multiple (>1) og prolonged
(>8 hrs) exposures.
Iv. Carcinogens - those chemicals classified by EPA as
Group A or Group B carcinogens. |
Group A ("Human Carcinogens") - those chemicals
for which there is sufficient evidence from
epidemiologic studies to support a causal
association between exposure to the agent and
cancer.
Group B ("Probable Human Carcinogens") - those
chemicals for which there is sufficient evidence
of carcinogenicity from animal studies and limited
or inadequate evidence from epidemiologic studies.
In some cases, known physical or chemical
properties of ah agent and results from short-term
tests provide additional sﬁbstantiation. |
EPA”s definitions of "sufficient evidence”, "limited evidence",

and "inadequate evidence" are presented in Appendix F.
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C. Factored TLV Approach for Non-Carcinogens (Categories I, II,

and III)

Recommendation: Use a factored TLV approach to develop AALs

for acute irritants, acute systemic toxicants, and chronic
toxicants. Appendix E presents a table of adjustment and safety
factors addressing the following concerns: 1) adjustmént for
continuous exposure, 2) variability in human susceptibility, 3)
uncertainties inherent in studies of chronic effects, and, 4)
severity of effect. For each chemical, the appropriate factors
from Appendix E should be multiplied by each other to determine a
composite factor; The composite facﬁor should be applied to the
TLV (or NOEL) to derive the AAL for that chemical.

- In the case of chemicals which fall into either of the
following categories, use the no observed effect level (NOEL) for
the effect of concern as the starting point and apply appropriaté
factors:

1) Any chemical which the State determines poses a public
héalth threat in North Carolina but for which‘there is
no TLV. |

or

2) 'Any chemical which the State determines has health
effects not accounted for by ACGIH in the derivation
of the’TLV, at concentrations below the TLV.

For such chemicals, if only,the lowest observed effect level
(LOEL) for the effect of concern has been reported,Athe NOEL

should be estimated by LOEL/5.
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Rationale: Acute and chronic toxicants generally exhibit
threshold concentrations below which no adverse effécts'are
observed. A prudent approach to the control of these chemicals,
therefore, would be to maintain ambient levels below the
concentration that would produce adverse health effects in
sensitive subgroups of the general population. Unforéunatély,
there is little information on the effects of community exposure
tc most chemicals. A substantial effort, however, has been |
devoted to the assessment of threshold levels in occupational
settings. Although unmodified application of these occupational
guideiines to community exposures would be inappropriate,ythe
panel believes that adjustments can be made in the TLVs to
reflect differences between community and occupational exposures
and differences in susceptibilities to toxic exposures of persons
-in the community vs. the work environment.

The panel proposes to use the ACGIH TLVs as the starting
point for developing air guidelines for non-carcinogens. For
over 40 years, the ACGIH TLV Committee has been assessing
threshold levels of industrial chemicals in the workplace. The
Committee is composed of experts who bring to bear their
scientific andlpractical experience with the chemicals and their
knowledge of the published literature. The TLV determinations
répresent their best judgment of safe occupational leveis given
the present state of knowledge. TLVs are reviewed annually and
revised to reflect new information as appropriate [Stdkinger,

1964; ACGIH, 1986]. Over 650 chemicals have been assigned TLVs.
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Although the ACGIH handbook explicitly cautions against the
use of TLVs in the evaluation or control of community air
pollution nuisances or in estimating the toxic potential of
continuous uninterrupted exposures [ACGIH, 1985], the panel feels
that adjustments to the TLV specifically addressing differences
between occupational and community settings obviates éhis
objection. Most states with air toxics programs have elected to
use a factored TLV approach. By employing multiple safety
factors on a case by case basis, as outlined below, the panel”’s
épproach is less arbitrary than that used in states applying a
single safety factor to TLVs.

As indicated above in the :ecommendation, the NOEL is
recommended as the starting point in certain siﬁuations. When
the NOEL must be used and only the LOEL for the effect of concern
has been reported, the NOEL should be estimated using a factor of
1/10. Weil and McCollister [1963] found that in a comparison of
NOELs and LOELs for a sample of toxicants, the ratio’of LOEL to

NOEL was less thank5 in 96% of the comparisons. Thus, in the
absence of direct evidence for the NOEL itself, we suggest using
a factor of 1/5 to derive an estimate of the NOEL from the
reported LOEL if this appears to be appropriate.

The following are the bases for the factbrs the panel
proposes be applied to the TLV (or, in certain cases, the NOEL):

1) Variation in populatibn susceptibility -- A factor

should be appliedkto all TLVs to account for variation

in population susceptibility. The TLV does not always
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accomodate variation in susceptibility within the
occupational setting [Steinberg, 1982]. The TLV
handbook [ACGIH, 1985] states:

Because of wide variation in individual

susceptibility, however, a small percent-

age of workers may experience discomfort

from some substances at concentrations at

or below the threshold limit; a smaller

percentage may be affected more seriously

by aggravation of a pre-existing condition

or by development of an occupational illness.
Furthermore, whereas industrial workers are generally
healthy adults, the general population includes
children, the elderly, the chronically ill and other
sensitive subgroups. Vessel [1984] reported that
variability in individual response to therapeutic drugs
varied from 3 to 40 fold. Other research supports
intra-species variability factors of 18 or more
[Mantel & Bryan, 1961; Oser, 1969; Krasovskii, 1976;
Munro & Krewski, 198l1]. A factor of 10 has tra-
ditionally been used by EPA, and is generally being
proposed by other states for use in their air toxics
programs [Dourson & Stara, 1983]. We propose a factor
of 10 to account for variation in susceptibility across.
the general population.
Continuous exposure -- In the case of chronic toxicants,
adjustment for continuous exposure must be made.

Because TLV-TWAs are set for 8-hour exposure periods,

5 days a week, a factor of 168 hours per week divided
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by 40 hours per week, or roughly 4, should be applied to
the TLV-TWA for chronic toxicants. Because the effects
of acute toxicants are short-term and not generally
cumulative, and because an averaging time of 15 minutes
for agents with STELs and i hour for agents with only
TWAs is proposed, no such adjustment is neceésary for
acute toxicants [Strauss, Hattis, & Ashford, 1986].

Therefore, we propose a factor of 4 to adjust for

- continuous exposures only for Category III chemicals

{chronic toxicants).

Uncertainty inherent in studies of chronic effects --
In the case of chronic toxicants, an additional safety
factor of 2 is proposed in order to reflect the greater
degree of uncertainty that accompanies studies of
chronic effects relative to studies of acute effects.
Because chronic studies require information over a
relatively long period, experimental and observational
data, particularly in studies involving humans, are
prone to gaps. Exposure information is typically
deficient since environméntal monitoring is geneially
not performed conﬁinuously over the relevant time
period. Even if a complete profile of exposure over
time is available, it is not generally clear how
exposure should be integrated to determine cumulative
dose and whether peak eprSure values, mean

concentration, or rapid fluctuation in ambient levels



14
are most relevant to the induction of effect. Further-
more, with reépect to assessing response, effects of
chronic exposure areroften subtle and detection of a
gradual change in a health parameter may be difficult.
In establishing TLVs for chronic toxicants, the ACGIH
TLV Committee occasionally applies a safety éactdr to
reflect the uncertainties involved in chronic studies
but this is not done in a consistent fashion. We
therefore suggest that a factor of 2 be applied in the
case of chronic toxicants because the difficulties
inherent in relating dose and effect in such studies are
not generally reflected in the TLV.
Severity of effect -- In light of the uncertainty
inherent in setting AALs, it is prudent to exercise
greater caution in regulating those pollutants whose
health effects are more serious and for which the
consequences of setting an AAL that is too high are
grave. Two categdries of severity are suggested,
with a safety factor of 2 being applied to the latter:
a) Agents eliciting reversible and non-life
threatening effects at concentrations that
might reasonably be expected to occur in the
ambient air. Examples of such effects include
.mucous membrane irritation, dermatitis,
narcosis, weight change, nausea, asphma attacks,

reversible change in pulmonary function,
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reversible change in serum enzyme ievels,
temporary liver enlargement, peptic ulcers,
acute bronchitis. No additional safety factor
is proposed for these agents.

b) Agents eliciting irreversible or life—threatening
effects at concentrations that might réasonably
be expected to occur in the ambient air. Examples
of such effects include: pneumoconiosis,
emphysema, cirrhosis, irreversible kidney damage,
immune suppression, demyelination, coronary heart
disease, seizures, coma, fetotoxicity. A safety
factor of 2 is proposed for these agents. 1In
situatibns in which acute exposures to a chemical
may lead to a lifewthreatening condition, a
severity factor of as much as 5 may be warranted;
We propose that this judgment be reviewed by the
standing advisory committee.

The effect most likely’to occur at low doses is the
effect that should be considered here. Thus, this
excludes effects that would not be expected to occur at
ambient or near ambient levels (including normal
variation). 1In cases where there is uncertainty
regarding whether to assign a severity factor of 1 or 2,
a factoi of 1 snould be used because safety factors have‘

been incorporated elsewhere in the derivation of AALs.
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The panel suggests treating reproductive and developmental
toxicants as Category II (Acute Systemic Toxicants) or Category
III (Chronic Toxicants), as appropriate. Although little is
known about the dose-response relationships of these agents, the
panel felt present evidence did not exclude threshold effects and
therefore a factored TLV approach appears appropriateﬂat present.
The Standing Advisory Committee may wish to revise the approach
for reproductive and developmental toxicants as knowledge
regarding their dose-response relationships improves.

D. Risk Assessment/Technology Approach for Carcinogens

(Category 1V)

Recommendation: In the case of carcinogens, the Panel

proposes a combined technology-based and risk assessment approach
subject tomodification by the Standing Committee on a case-by- |
case basis. Using the potency estimates developed by the
Carcinogen Assessment Group (CAG) of EPA, the State should

calculate the incremental air concentration (i.e. concentration

attributable to emission source, regardless of background level)
that\would be associated with an additional cancer risk of 1078
for Group A carcinogens and a risk of 107> for Group B
carcinogens; these concentrations constitute the action levels.
In cases in which well desighed human studies or data régarding
mechanism (epigenetic vs. genetic), pharmacokinetics, or species
differences appear not to have been taken into account by CAG in
the estimate of potency, the Standing Advisory Committee may

modify the action level as appropriate. Any source releasing a
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carcinogen at an emission rate which modelling indicates would
cause the action level to be exceeded should be required to apply
control technology. Control technologies required for existing
sources should take into account cost and feasibility issues,
while nngsources should be required to apply state-of-art
technology if the action level is exceeded. If the past—control
impact on ambient air is estimated still to exceed the action
level, the source should be given the option of applying to DEM

for a variance. In the variance procedure DEM should consider

such relevant factors as:

the quality of animal and human data on which the risk
assessment is based
- new information not yet reflected in the CAG potency
estimate
- the potential for population exposure to the polluting
source, e.g9., the proximity of residences to the fence-
line of the polluting source
- the potential for achieving the action level by
alternative control strategies, e.g., alternate siting,
lower emissions, modifications of process, etc.
DEM may seek the input of the proposed standing‘air toxics
advisory panel on these issues, particularly in the‘area of the
quantitative risk assessment.
Rationale: The panel recommends controlling EPA“s Group A~ and
Group B carcinogens. Although the EPA carcinogen classification

system has not yet been approved by OMB and is'therefore
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technically "interim", it is presently being used internally at
EPA and is not likely to be substantially altered [McGaughy,
1986]. The criteria used by EPA are very similar to those of tﬁe
International Agency for Research on Cancer. Chemicals are
classified qualitatively by weight of scientific evidence without
consideration of potency (criteria are listed in Appeﬁdix F).
This qualitative classification system allows separate treatment
of chemicals with different levels of evidence for human
carcinogenicity; i.e., known human carcinogens can be regulated
with greater stringency than chemicals not‘definitively
associated with human cancer. The panel does not recommend
regulating "possible" carcinogens (EPA”s Group C carcinogens)
unless they are associated with other types of toxicity, although
DEM, DHS, or the proposed Standing Advisory Committee (see below)
may choose to reconsider this exclusion. The panel felt that the
EPA claesification eystem was preferable to IARC”s because of the
following considerations:
1) the chemicals that have been classified include
those considered by IARC as well as the National
Toxicology Progfam (NTP) ,
2) EPA has performed potency calculations for each of
the carcinogens on its list, and ‘
3) EPA updates its classifications as new evidence
becomes available, whereas IARC addresses chemicals'
in batches and does not have a systematic appreach
for updating classifications of individual

chemicals [McGaughy, 1986].
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In November; EPA intends to publish in its Superfund Reportable
Quantities Rule a table of the 187 chemicals classified by the
Agency as Group A, B or C [Cogliano, 1986].

Carcinogenesis is qualitatively different from the processes
leading to other toxic effects because events in a single cell
can lead to the development of disease [Fialkow, 1974]1 It has
been argued that thresholds for activity of direct-acting
carcinogens could result from saturation of deactivating énzymes
or overwhelming DNA repair processes [Cornfield, 1977]. These
phenomena would cause non-linearity in the dose-response curve,
but because neither deactivation nor repair are instantaneous or
complete [Office df Technology Assessment, 1981; California DHS,
19861, an absolute threshold is not implied. 1In theory, then,
thresholds for direct—acting carcinogens are unlikely, although
non-linearities in the dose-response curve may occur (iow—dose
extrapolation models will be.discussed later). Fér indirect, or
epigenetic, carcinogens (e.g., chemicals which stimulate
activating enzymes or cause cellular proliferation) a threshold
level of effect is plausible as the mechanisms postulated
resemble those of classical toxicants [Wéisburger & Williams,
1983]. Most carcinogens cannot presently be classified as having
a genetic or epigenetic mechanism, however [IARC, 1983;
California DHS, 1985]. The panel agrees with the reasoning taken
by federal agencies [U.S. Interagency Regulatory Liaison Group,
1979; Food Séfety Council, 1980; Office of Technology Assessmént,
1981; Samuels & Adamson, 1985] thaé a no-threshold assumption is

generally appropriate for carcinogens.



20

The panel’considers the use of TLVs developed for
carcinogens to be an inappropriate approach to managing
cércinogens. In setting TLVs for carcinogens, the ACGIH
frequently uses the level at Which no carcinogenic effect is
observed to derive "an approximate threshold of neoplastic
response" [ACGIH, 1985; Stokinger, 1977]. Even in th; absence of
a threshold, however, a no effect level will occur in every
epidemiological or toxicological study investigating sufficiently
low doses and the apparent threshold of respdnse will simply |
reflect limitations of éample size and study power, not an
absolute biological phenomenon. Because TLVs afe based on the
premise of a threshold, the panel recommends an alternative
approach for carcinogens.

Two alternative approaches to managing carcinogens are
commonly considered: 1) a technology-based approach, and 2) risk
assessment and management. Technology-based approaches aie
straight-forward and simple. Specified control technology is
required of sources emitting carcinogens. Drawbacks of a pﬁre
technology approach stem from the lack of consideration of health
risk or of the potency of differen; carcinogens. For instance,
if there is no potential for population exposure near the source,
the cost of control technology may not be warranted. On the
other hand, situations may arise in which unreasonable health
risks are posed by operation of a facility even after state—of—

the-art control technology has been installed.



21

The panel considers the final policy alternative, risk
assessment, to be the only currently viable way to incorporate
health risk considerations into the management of carcinogens.
Risk assessment, as practiced by EPA“s Carcinogen Assessment
Group makes maximal use of all of the relevant information known
about an agent to derive the best estimate of rigk aséociated
with that agent. Problems with :isk assessment arise not from
the process itself but rather from gaps in the information base.
Where gaps exist, CAG has had to make assumptions. A discussion
of some of these assumptions follows:

1) Low Dose Extrapolation - One of the greatest sources of
uncertainty in risk estimates arises from extrapolation
of the dose-response curve to low doses. Animal and
sometimes occupational data involve exposures orders of
magnitude higher than those which might be encpuntered’
by the general population in ambient air. To
exttapolate downward, a model must be formulated.
Postulated extrapolation models fall into two
categories: 1) tolerance distribution (e.g., probit
function), and 2) mechanistic. Tolerance distribution
models’éosit a level above which the dose will produce a
singular response, e.g., cancer, with certainty. Due to
intef—individual variation in tolerance levels, a smooth
dose-response curve for the aggregate population
results. Because these models do not take into account

the stochastic nature of carcinogenesis, the panel
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considers them to be less biologically plausible than
mechanistic models. Mechanistic models, in contrast,
strive to incorporate current understanding of the
mechanisms of carcinogenesis. Examples of mechanistic
models include thevone—hit, multi-hit, linearized multi-
stage, unconstrained multi-stage and Weibull:[Armitage &
Doll, 1961; Pike, 1966; Crump, 1976; Rai & Van Ryzin,
1981; Crump, 19811. The relative merits of the various
mechanistic models have been extensively debated [Crump,
1977; Guess & Hoel, 1977; Hartley & Sielken, 1977;
Carlbqrg, 1981l; Haseman, et al, 198l1]. These models all-
tend to prdvide‘a good fit to experimental data in the
- observed dose range but diverge increasingly in their
risk predictions at prdgressively lower doses. When
extrapolations must be performed over a dose rangé of
more than several 6rders of magnitudé, estimates of risk
tend to vafy over a similar range [OSHA, 1980; Office of
Technology Assessmeﬂt, 1981]. Unfortunately, whilg the
extrapolation model has a profound effect‘on risk
estimates at very low doses, it is generally agreed that
the models are untestable and uhprovable in that a
prohibitivély large quantity of data would be necessary
to determine which model provides the best fit at low
doses [Office of Technology Assessment, 1981; Brown,:
1984]. Although the question 6f which model is

appropriate will not likely be resolved by goodness-of-
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fit arguments, theoretical considerations and
elucidation of biological mechanisms hold some promise.

Hoel [1980] and Crump, et al, [1976] have proposed that

regardless of the shape of the dose-response curve for
an agent acting in isolation, the risk associated with
low doses of an agent acting in concert with:other
influences will typically be additive over background
risk. Hoel [i980] has done calculations which indicate
that this will be the case whenever the agent is added
to an environment in which other agents acting by a
similar mechanism are responsible for even as little as
one percent of the background level of the cancer in
question. Such situations are expected to be the norm.
In these situations, Hoel [1980] and Crump, et al,
[1976] have shown that the most appropriate low dose
extrapolation model would be approximately linear in the
low dose region. CAG is presently deliberating whether
to use the 95% upper confidence bound of the linearized
multi-stage model or a linear extrapolation of ED (the
dose associated with a 10% increase in cancer) in ifs
future potency calculations. A comparison of potency
calculations by these two methods for about 180
chemicals indicates a close correlation [Cogliano,
1986] . |

Inter-Species Extrapolation - A second source of

uncertainty stems from the use of animal data to predict
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human response. It is necessary to consider not only
differences in scale, but also inherent differences in
the handling of agents. There are a number of units
that might be used to perform the scale adjustment:
weight, body Surface area, lung surface area (inhalation
studies), metabolic rate, total food intake (ingestion
studies), lifespan. CAG has tentatively concluded that .
the most appropriate scaling unit for carcinogens is
body surface area (or, equivalently, the 2/3 power of
weight), based on limited data from chemotherapeutic
agents [Anderson, 1984]. Regarding pharmacokinetics,
any known inter-species differences in absorption,
distribution, metabolism, and elimination that are
relevant to a particular agent are taken ihto account by
CAG in calculating potency in humans [USEPA, 1984}. A
final factor that is not explicitly taken into
consideration by CAG is the greater divérsity in humans
compared to laboratory animals with respect to genetic
constitution, nutritional status, disease states, and
expésure (historic and concurrent) to a variety of
environmental agents including initiators and promoters.
Crouch and Wilson [1979] have compared potencies (in
[mg/kg body weight/day]'l) of nine chemical carcinogens
for which there are dose—responsé data in humans, rats
and mice, and found that humans tended to be as

sensitive as the more sensitive laboratory animal. CAG
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thus has an empirical basis for its decision to use data
from the most sensitive animal species in its
calculations of human potency’[USEPA, 1984].

3) Generalizability of Studies in Humans - Even if human
dose-response data are available, confidence in risk
assessments must be tempered by cdnsideratios of the
generally poor quality of data and possible confounding
and bias. In addition, there is the issue of
generalizability from the study group to the population
as a whole. 1In general, however, fewer assumptions are
required when using hpman rather than animal data [Day,
1985], and CAG relies on human data as much as possible.
Even negative human data are used: well-conducted
epidemiological studies finding no excess risk of cancer
are used to reduce the upper bound of the risk estimate
[USEPA, 1984]. 7

The panel feels that the assumptions used by CAG are

conservative but not unrealistic. Given the unavoidable fact
that full information is not available on every carcinogen, the
process used by CAG provides a reasonable upper bound risk
estimate, i.e., the true risk is not likely to be greater than
the risk estimate. Because risk estimates entail a high degree
of uncertainty, they cannot be relied on as precise messures of
abspldte risk. The fact that risk assessments are performed in a
consistent manner, however, implies that they can be used to

_ compare fisks from different sources, and to suggest priorities

for action.
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The panel proposes that CAGs potency estimates be used to
develop for each carcinogen an action level, defined as the
increment in ambient concentration associated with a risk of 107°
for Grdup A carcinogens and 107° for Group B carcinogens. The
definition of "acceptable risk"™ is necessarily a policy judgment,
not a scientific determination. It is therefore outs{de the
purview of this advisory panel. Risk levels in the range of 10”3
to 10°% have been widely used by other regulatory agencies
[Flamm, 1986], and the panel therefore suggests this range on the
basis of precedent. The panel recommends more stringent action
levéls for Group A carcinogens —-- concentrations associated with
a 107® risk, as opposed to a 1072 risk for Group B carcinogens =--
‘because Group A chemicals have greater weight of evidence for
their human carcinogenicity.

Our proposed approach does not rely on these action levels.
as precise barometers of risk, but rather as guideposts. Through
installaﬁion of the recommended control technology, it is
expected that most post-control emissions will cause increments
in ambient levels much lower than the action level. On the other
hand, the proposed variance procedure would allow the action

level to be exceeded under certain circumstances.

E. Standing Advisory Committee

Recommendation: Establish a standing advisory committee on

toxic air pollutants to deal with recurrent or unresolved issues

such as:



2)

3)

4)

5)
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Whether the factored TLV approach has been
appropriately applied to each chemical selected
for inclusion in the list of toxic air pollutants.
(Tﬁis provideé a peer-review of the State’s
application of these proposed guidelines).
Whether agents having adverse reproductive og
developmental effects should be treated as Category
II or III toxicants or evaluated by means of risk
assessment. |
Whether health risks from exposure to complex mixtures
of chemicals should receive special consideration,

requiring some modification in air guidelines for

~individual chemicals within the mixture.

Whether air guidelines should be modified when there
are multiple sources of the same toxic air pollutant
in a localized area. |

Whether uncertainties in each step of the carcinogenié
risk assessment process can be incorporated into the
development or revision éf air guidelines for carcino-
gehic air pollutants, particularly in the case of

epigenetic carcinogens.

The Panel would also be available for consﬁltation by DEM and DHS

regarding guidelines for individual chemicals (e.g., choice of

‘severity factor) and variance requests (e.g., consideration of

new data not incorporated into risk estimate).
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APPENDIX A

Letter from Paul Wilms, Director, DEM, Requesting
NCAS Assistance, March 21, 1986



State of North Carolina
Department of Natural Resources and Community Development
Division of Environmental Management
512 North Salisbury Street ® Raleigh, North Carolina 27611

,gamT;hcs G. M}g;a;i Covernor Air Quality Section R. Paul Wilms
. Thomas es, Secretary March 21, 1986 Director

Mr. Jonathan B. Howes, Chajrman
Affairs and Policy Committee

N. C. Academy of Science, Inc.

Center For Urban and Regional Studies
University of North Carolina
Hickerson House (067A

Chapel Hill, NC 27514

Dear Mr. Howes:

The Division of Environmental Management requests the North
Carolina Academy of Sciences to conduct an evaluation of toxic air
pollutants and acceptable ambient levels slated for regulation in the
state. It is proposed that the Academy select a qualified panel to
examine the list of air toxics, recommend additions or deletions to the
list, determine a suitable approach for establishing acceptable ambient
levels and document quantitative acceptable ambient levels to control
air toxics. Attached for your consideration is a description of the
project. ‘

‘Funding for the Academy has been allocated in the amount of $10,000
through an agreement with the Environmental Protection Agency. For
funding purposes EPA would contract with the Radian Corporation located
in the Research Triangle Park, and Radian would establish a subcontract
with the Academy to conduct the project. It is anticipated that the
contract between EPA and Radian will be effective toward the end of this
month at which time the subcontractual arrangements with the Academy
could proceed. Project costs incurred by the Academy would be billed to
the Radian Corporation in accordance with the subcontract. The date
targeted for project completion is July 1, 1986.

After careful consideration, the Division of Environmental
Management has concluded that the N.C. Academy of Sciences is the most
appropriate scientific body to conduct the evaluation. The peer group
evaluation which the Academy can provide is an essential step toward the
successful implementation of an air toxics program in North Carolina.

Additional materials té further describe the proposed air toxics
program will be forthcoming.

Puollution Prevention Payvs
PO, Box 27687, Raleigh, North Carolina 276117687 Telephone 919-733-7015

An Equal Opportunity Affirmative Action Employer

3
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(2)

- Please do not hesitate to contact me or my staff if you have
questions. I look forward to hearing from you at your earliest

convenience,
Sincerel A’Z\L
R. Paul Wilms

/mdgK3

Attachment
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APPENDIX B

Survey of State Air Toxics Programs
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SURVEY OF STATE AIR TOXICS PROGRAMS

Basis for

Status Some or All Acceptable
of Air Toxics Basis for Air Toxics Scope of Air Toxics A~bient Concentrations
State Control Program Control Program Control Program or Standards Comments
Alabama In place Promulgated general Not limited to specific Acceptable ambient Program applies to all pollutants
regulation prohibiting Tist of pollutants, concentrations emitted by new sources.
air pollution; informal sources, or source (2.5% TLV/hr)
guidelines categories
Alaska Control technology requirements
for sources of specified
pollutants. Risk assessment
> used on case-by-case basis.
Toxic emissions inventory.
Arkansas In place Informal guidelines Not limited to specific Acceptable ambient A1l sources controlled through
Tist of pollutants, concentration permit program. Control
sources, or source (1% TLV) technology requirements used
categories for sources of specified
poliutants.
Arizona In place Informal guidelines Specified list of Acceptable ambient Risk assessment used on a case-
pollutants concentrations, some by-case basis
original health
effects research
California In place Specific list of Compound-specific Control technology requirements
(implemented pollutants -- 47 used for sources of specified
1/1/84) candidates for pollutants. Risk assessment

regulation

used on case-specific basis.
Extensive research efforts:
source tests, ambient
monitoring, dispersion modeling,
ambient exposure, pollutant
research on benzene, ethylene
dibromide, and ethylene
dichloride
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State

Status
of Air Toxics
Control Program

' Basis for Air Toxics
Control Program

Scope of Air Toxics
Control Program

Basis for
Some or A1l Acceptable
Ambient Concentrations
or Standards

Comments

Colorado

Connecticut

laware

[
@

Florida

Georgia

Hawaii

Idaho

Promulgated

In preparation .
regulations (tentative)

In preparation Promulgated regulations
In preparation
Promulgated regulations

In preparation

In place Informal gquidelines

No program

In preparation

Specific list of
pollutants (tentative)

Specific list of
pollutants

Not limited to specific
list of pollutants,
sources, or source
categories

Specific Tist of
pollutants

Specific list of
pollutants

Not 1imited to specific
list of pollutants,
sources, or source
categories

Acceptable ambient
concentrations based
on TLV

Acceptable ambient
concentrations based
on TLV

Acceptable ambient
concentrations based
on TLV

Acceptable ambient
concentrations: 1% TLV/
24 hr if not known
human carcinogen; 0.33%
TLV/ 24 hr if known
human carcinogen >

Acceptable ambient
concentrations

Toxics inventory in progress.

Control technology require-
ments for sources of specified
pollutants. Risk assessment
used on a case-by-case basis.

Control technology require-
ments for sources of specified
pollutants. Risk assessment
used on-a case-by-case basis.

Control technology require-
ments for sources of specified
pollutants. Risk assessment
used on a case-by-case basis.

Control technology require-
ments used for sources of
specified pollutants. Risk
assessment used on case-
by-case basis.
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APPENDIX C

Equivalent Safety Factors Applied to TLVs in
Various States
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mOcH<>rm2ﬂ SAFETY FACTORS APPLIED TO TLVs IN VARIOUS STATES*

State or Agency

Averaging Time

Safety Factor
Applied to TLV

Equivalent
Safety Factor

a

. >~mcmsm

Arkansas

Connecticut

Georgia

I11inois
Indiana
Michigan
Minnesota
Mississippi
Montana

Nevada

b

New Hampshire

New York

1 hour
24 hour
8 hour
m,:o=1
8 hour
NA hour
24 hour

24 hour
24 hour
8 hour
8 hour
24 hour
Annual
8 hour
NA
Annual

Annual

1740
1/100
1/200 (known carcinogens)
1/100 (suspect omxnﬁzommsmv
1/50 (others)
1/300 (known human carcinogens)

1/100 (not known human
: carcinogens)

1/300 (non-carcinogens)
1/100
1/100
1/100
1/30
1/42
1/10
1/100
1/300 (high-moderate ﬁoxwowﬁkv

1/50 (Tow toxicity)

1/200
1/100
1/400
1/200
1/100
1/300
1/100

1/300
1/100
1/200
1/200
1/30
1/10
1/20
NA
1/60
1/10




EQUIVALENT SAFETY FACTORS APPLIED TO TLVs IN VARIOUS STATES*

State or Agency | | Averaging Time WMMWMMQmMMﬁ%M< mmmmwwmwmmmorm
Rhode Island ) 24 hour 1/100 1/100 .
South Carolina NA 17420 NA
Texas 30 minute 1/100 1/1000

Annual , 1/1000 _ , 1/200

Vermont Annual 1/420 1/84

24 hour 1/420 1/420
Virginia 24 hour a 1/100 (carcinogens) © 17100
24 hour 1/60 (non-carcinogens) 1/60

Wisconsin NA 1/42 NA

Wyoming Annual 1/42 1/10
7 24 hour | 1/50 /50
1 hour | 1/300 | 1/1500

dBased on calculations by the Commonwealth of <¢1m¢:mm. under typical conditions and non-varying emission
rates, the highest 1 hour concentration of a pollutant will be 25 times as high as the annual mean, 5 times
the 24 hour mean, and 2.5 times the 8 hour mean. Thus an 8 hour concentration x 1/2 = the 24 hour and the
annual x 5 = 24 hour concentration. _ ,

b Program is not finalized; the safety factor is tentative. NA = Not available’

. *Compiled by Radian Corporation for DEM, April, 1985
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APPENDIX D

Decision Tree - Panel Proposal
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DECISION TREE- PANEL PROPOSAL*

Is chemical a non-criteria poliutant
and either: .

1) on ACGIH TLV list
2) on EPA Groups A & B carcinogens list
or 3) of concern to DHS or DEM

No 441; Yes

w
No further consideration Candidate fogyguide]ine development
of chemical under this
program Does potential for exposure in North
Carolina currently exist?

No l Yes

No ég?éeline GuideI;}e to be
. at present time developed

What toxicity category?
(can be >1)
P

lgzute Irritant {rgﬁute Systemic i’Ehronic Carcinogen Tl

{next page)

STEL available? Appropriate STEL Appropriate TWA available?
available?
No Yes No Yes "N k Yes
= - What is severity  What is What is
set AAL Jet AL factor? severity severity
1/10 TWA, 1/10 STEL, factor? Factor?
w/ 1 hr. w/ 15 min. (1)

ave. time ave. time ¢’”"’l“'£§ﬁu
Set AAL = Set AAL =
1/10 STEL, 1/20 STEL,
w/ 15 min. w/ 15 min.
ave. time ave. time
(1) (2) (1)

NOEL  NOEL Set AAL= Set AAL=
based based 1/80 TWA, 1/160 TWA,
on on w/ 24 hr. w/ 24 hr.
conti- conti- ave. time ave. time
nuous  NUOUS

Appropriate TWA available? exposure? exposure?
No 1 Yes No A Yes No A Yes
¥ v X
What is What is severity Set Set Set Set
severity factor? AAL=  AAL= AAL= AAL=
factor? 1/80 1720 1/160 1/40
: ) 2) : NOEL ~ NOEL NOEL NOEL
w/24 w/24 w/24 w/24
Set AAL=  Set AAL= hr. hr. hr. hr.
1/10 TWA, 1/20 TWA, ave, ave. ave. ave.
w/ 1 hr. w/l hr. time time time time
(1) (2) ave. time ave. time
Set Set
ML= AAL=
1710 1/20
NOEL  NOEL
Wil w/ i
hr. hr.
ave.  ave.

time time
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DECISION TREE (Cont'd)

Carcinogen ‘l

Which EPA group?

A A 5
N

"
Set action level Set action level
at incremental concentration at incremental concentration’
assoc. w/added 106 risk assoc. w/added 1072 risk

\ | J

k4 .
Does source emit
at rate that would
cause impact exceeding
action level?

No ,l\ Yes
-

R}
No further action "New or existing source?

~ New Existing
Require state-of-  Require reasonable

art control control technology
technology
N

Will action level
still be exceeded?

No )1‘ Yes

¢ , !

Permit operation Variance applied
for? :
No = Yes
4 R
Operation not Consider
permitted granting
variance

*The approach recommended by the panel is simplified here for clar1ty of presentation.
See text for a more complete description.
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APPENDIX E

Suggested Safety and Adjustment Factors



SUGGESTED SAFETY AND ADJUSTMENT FACTORS FOR NONCARCINOGENS

x030%3]
a3 Tsodwoo
30 obury

3083319

JO A3TI9A9S
03 onp
WUST3BAIDSUOD
psppe

107 xo3oed

s3093319
oTUOIYD

JO so1pnis
Ul JusIsayur
AjuTe3xsoun
butjosTzex
I1030®v4g

. X3
~-T1TgTadeosns
UT UOI3IRTIRA
To3eaxb

I0J 3uncode
03 I030®4g

aansodxs

snonutquoo
I03

Jusuasnipy

autod
butiaess

10
80 to 160

10 to 20

1l or 2
1l or 2

10
10
10

———

TLV-STEL
if avail.
Otherwise,
TLV-TWA
TLV-STEL
if avail.
Otherwise,
TLV-TWA
TLV—-TWA

Acute Irritants

Acute Systemic

Toxicants

Chronic
Toxicants

—
[T}
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APPENDIX F

Excerpt, Proposed Guidelines for Carcinogen Risk Assessment,
EPA, 49 FR 46294, November 23, 1984
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Federal Register /| Vol. 49, No. 227 / Friday, November 23, 1984 / Notices 46299

IV. Appendix~EPA Classification
System for Evidence of Carcinogenicity
From Human Studies and From Animal
Studies (Adapted From IARC)

A. Assessment of Evidence for
Carcinogenicity From Studies in
Humans

Evidence of carcinogenicity from .
human studies comes from three main
sources: '

1. Case reports of individual cancer
patients who were exposed ta the
agent{s}. - \

2. Descriptive epidemiologic studies in
which the incidence of cancer in human
populations was found to vary in space
or time with-exposure 1o the agent(s).

3. Analytical epidemiologic (case- .
control and cohort) studies in which
individual exposure to the agent{s) was
found to be associated with an
increased risk of cancer,

Three criteria must be met before a
causal association can be inferred
between exposure and cancer in
humans:.

1. There is no identified bias which
could explain the association. '

2. The possibility of confounding has {
been considered and ruled out as . ;
explaining the association. L

- 3. The association is unlikely to be Co
due'to chance. . :

In general, although a single study
may be indicative of a cause-effect i
relationship, confidence in inferring a
causal association is increased when
several independent studies are
concordant in showing the association,
when the association is strong, when
there is a dose-response relationship, or
when a reduction in exposure is
followed by a reduction in the incidence .
of cancer.

The degrees of evidence for
carcinogenicity* from studjes in humans
are categorized as:

1. Sufficient evidence of

‘For purpuse of public health protection,
&gents associated with life-threatening
benign tumors in humans are included in the
evaluation, |
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__carcinogeni«it 7, which indicates that

“are is & causal relationship between
_.& ugent and human cancer.

2. Limited evidence of carcinogenicity,
which indicates that a causal .
interpretation is credible, but that
alternative explanations, such as
chauce, bias, or confounding, could not
adequately be excluded.

3. Inadequate evidence, which
indicates that one of two conditions
prevailed: (a) There were few pertinent
data, or (b) the available studies, while
showing evidence of association, did not
exclude chance, bias, or confounding.

4. No evidence, which indicates that
no association was found between
exposure and an increased risk of -

_ cancer in well-designed and well-
. conducted independent analytical
epidemiologic studies.’

5. No data, which indicates that data
are not available. .

B. Assessment of Evidence for
Carcinogenicity From Studies in
Experimental Animals

These assessments are classified into

* five groups: ' ‘

1. Sufficient evidence* of

- carcinogenicity, which indicates that

there is an increased incidence of

malignant tumors or combined

=alignant and benign tumors§: (a) In

1 jultiple species or strains; or (b} in
~-multiple experiments (preferably with
different routes of administration or
using different dose levels); or {c) to an
unusual degree with regard to incidence,
site or type of tumor, or age at onset.
Additional evidence may be provided

-by data on dose-response effects, as
well as information from short-term
tests or on chemical structure.

2. Limited evidence of carcinogenicity,
which means that the data suggest a
carcinogenic effegt but are limited
because: (2) The studies invelve a single
species, strain, or experiment; or (b} the
experiments are restricted by .
ino:dequate dosage levels, inadequate
dutation of expgsure to the agent,
inadequate period of follow-up, poor

+Under specific circumstances, such as
the production of neoplasms that occur with
high spontaneous background incidence, the
evidence may be decreased to "limited" if
warranted {e.g.. there are widely diverging
scientific views regarding the validity of the
mouse liver tumor as an indicator of potential
human carcinogenicity when this is the only
response observed, even in replicated
sexperiments in the absence of short-term or
other evidence).

§Benign and malignant tumors will be
combined unless the benign tumors are not
-considered to have the potential to progress

‘o the associated malignancies of the same
morphologic type.

survival, too few animals, or inadequate
reporting; or (c) an increase in the
incidence of benign turmors only.

3. Inadenuate evidence, which
indicates that because of major
qualitative or quantitative limitations,
the studies cannot-be interpreted as
showing either the presence or absence
of a carcinogenic effect.

4. No evidence, which indicates that
there is no increased incidence of
neoplasms in at least two well-designed
and well-conducted animal studies in
different species.

5. No data, which indicates that data -
are not available.

The categories “sufficient evidence”
and “limited evidence” refer only to the
strength of the experimental evidence
that these agents(s) are carcinogenic
and not to the power of their -
carcinogenic action.

C. Categorization of Overall Evidence
Group A—Human Carcinogen

This category is used only when there
is sufficient evidence from
epidemiologic studies to support a
causal association between exposure to
the agent(s) and cancer.

~ Group B—Probable Human Carcinogen

This category includes agents for
which the evidence of human
carcinogenicity {from epidemiologic
studies ranges from almost “sufficient”
to “inadequate.” To reflect this range,
the category is divided into higher
(Group B1) and lower {Group B2}
degrees of evidence. Usually, category -
Bl is reserved for agents for which there
is at least limited evidence of
carcinogenicity to humans from
epidemiologic studies. In the absence of
adequate data in humans, it is
reasonable, for practical purposes, to
regard agents for which there is
sufficient evidence of carcinogenicity in
animals as if they presented a
carcinogenic risk to humans. Therefore,
agents for which there is inadequate
evidence from human studies and
sufficient evidence form animal studies
would usually result in a classification
of B2.

In some cases, the known chemical or
physical properties of an agent and the
results from short-term tests allow its
transfer from Group B2 to Bl. .

Group C—Possible Human Carcinogen

_This category is used for agents with
limited evidence of carcinogenicity in
animals in the absence of human data. It
includes a wide variety of evidence: (a)
Definitive malignant tumor response in a
single well-conducted experiment, (b)
marginal tumor response in studies

having inadequate design or reporting,
{c) benign but not malignant tumors with
an agent showing no response in a
variety of short-term tests for
mutagenicity, and (d} marginal .
responses in a tissue known to have a
high and variable background rate. :
In sume cases, the known physical or’
cehmical properties of an agent and
results from short-term tests allow a
transfer from Group C to B2 or from
GroupDtoC. | T

Group D—Not Classified

This category-is used for agent(s) with
inadequate animal evidence of |
carcinogenicity. T

‘Group E—No Evidence of )
Carcinogenicity for Humans .

This category is used for agent(s) that

. -show no evidence for carcinogenicity in

at least two adequate animal testsin -
different species or in both
epidemiologic and animal studies.

Ay bt e+

A .

s et 1 ik e

gty s

- s b



- 55

APPENDIX G

Sample Air Guidelines Using Proposed Approach
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SAMPLE GUIDELINES USING PROPOSED APPROACH

aches, lassitude,
nausea, anorexia,
decreased erythrocyte
count, liver

enlargement

Health effects >auﬂww5m:~ Variation Severity
. or symptoms continuous A:. o of Composite mcm@mmwmg ><mwmuﬁsu;
Chemical at low levels TLV-TWA TLY-STEL exposure susceptibility effect factor guideline time
Acute Irritants
Acetaldehyde eye and respiratory 100 ppm 150 ppm - 10 - 10 15 ppm 15 min
tract irritation
Ammonia eye and respiratory 25 35 - 10 - 10 3.5 15 min
tract irritation
Acute Systemic
JToxicants
Hydrogen sulfide respiratory tract 10 ppm 15 ppm - 10 1 10 1.5 ppm 15 min
irritation,
conjunctivitis,
keratosis, '
nervousness, nausea,
headache, insomnia
Methyl isobutyl reversible renal 50 75 - 10 1 10 7.5 15 min
ketone damage
Nitrobenzene Methemoglobinemia, 1 - - 10 1 10 0.1 1 hr
headache, vertigo
Chronic Toxicants
Carbon disulfide cardiovascular 10 ppm - 4 10 2 160 0.062 ppm 24 hr
effects
Toluene narcosis, head- 100 150 4 10 1. 80 1.25 24 hr
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SAMPLE AIR GUIDELINES

(Continued)
Carcinogens Action Level Averaging Time

Group A: (107 risk level)

Arsenic 2 X 1077 mg/m3 Annual

Benzene 1.4 x 107% :

Bischloromethyl ether 2.9 x 107° n
Group B: (10'5 risk level)

Acrylonitrile 1.4 x 107° "

Cadmium 4 x 107° "

Carbon tetrachloride 7x 1074 "

Epichlorohydrin 4.5 x 1072 o

EDB 2 x 107




